Objective: To examine dietary patterns among British adults, associations with Na and macronutrient intakes, and implications for dietary advice. Design: Principal component analysis of 7 d weighed dietary records.
In 1994 the Committee on Medical Aspects of Food and Nutrition Policy reviewed nutritional influences on CVD including the impact of Na on blood pressure. It recommended a reduction in the population average intake of salt from approximately 9 g to 6 g daily for adults (1) . This was subsequently reiterated by the Scientific Advisory Committee on Nutrition (SACN) in 2003 (2) , which also set recommendations for salt intakes among children.
The rationale for lowering Na intake across the population is that this would lead to clinically significant reductions in blood pressure (3) , which could have a substantial effect on cardiovascular events and healthcare costs (4) . However, the evidence is not without contention and results from meta-analyses have been mixed (5) (6) (7) . Graudal et al. concluded in 1998 that studies did not support a general recommendation to reduce Na intake but did support use as a supplementary treatment in hypertension (8) . This and other earlier metaanalyses (9, 10) have been criticised for including trials of short duration and trials of acute salt loading followed by severe depletion which does not reflect the 'real-life' situation. A more recent meta-analysis of eleven trials lasting more than 4 weeks among individuals with normal blood pressure reported that a 4?4 g reduction in mean salt intake was associated with a 2 mmHg reduction in systolic and a 1 mmHg reduction in diastolic blood pressure (4) . The effect for people with hypertension was greater (5 mmHg and 2.7 mmHg for systolic and diastolic blood pressure, respectively). Similar results were reported in a Cochrane review by Jurgens and Graudal, who concluded that longer-term trials of effects on metabolic variables, morbidity and mortality are required (7) . Results from the randomised Trials of Hypertension Prevention over 10-15 years have reported that a very-low-salt diet reduced cardiovascular events by 25-30 % (11) and it has been claimed that Na reduction may have benefit independent of its impact on hypertension (12, 13) . Salt (NaCl) in the diet derives from three sources: (i) discretionary salt (added at the table or in cooking); (ii) salt naturally present in food and water; and (iii) salt added in food processing. These are estimated to account for approximately 15 %, 15 % and 70 %, respectively, of the total salt consumed (14) . The SACN report suggested that reduction in the average salt intake would be best achieved using a population-based approach through the adoption of a healthy balanced diet, low in salt and fat and rich in fruit, vegetables and complex carbohydrates. Since approximately 75 % of total salt was estimated to be derived from processed foods (15) , significant reductions in the Na content of processed foods were needed, requiring the cooperation of industry (2) . Accordingly, in March 2006 the Food Standards Agency published the (voluntary) salt reduction targets for 2010 and in May 2009 issued revised salt reduction targets for 2012 (16) , which were even more challenging than the previous targets for 2010. The food industry has reformulated many products to reduce salt content. However current intakes among adults (based on Na excretion) are still estimated to be about 8?6 g/d (17) , in excess of the population target of 6 g/d. For labelling purposes 1 g Na is equivalent to 2.5 g salt.
Ongoing monitoring of Na intake and Na levels in foods is required to assess progress towards the targets. The SACN report also identified the need to improve the existing evidence base, particularly on how patterns of Na vary across and within population groups and the contribution of home-prepared foods and meals out (2) . Dietary patterns give more insights into real-life conditions and may have a greater effect on health outcomes than amounts of individual foods or nutrients (18) . Principal component analysis (PCA) is an established multivariate technique to reduce food consumption data to a smaller number of underlying factors or dietary patterns (19, 20) . These patterns are uncorrelated with each other and explain variations in food intake across a population. In the present study, PCA was used to identify dietary patterns in the National Diet and Nutrition Survey (NDNS) of adults. These patterns were related to indicators of dietary quality, including but not limited to salt intake, with the intention of helping to inform dietary strategies for improved public health nutrition. We hypothesised that a 'healthy eating' pattern (high in fruit/ vegetables/fish) was likely to be low in salt and that a high relative consumption of bread, cheese and meat products was likely to be high in salt and might be associated with other CVD risk factors.
Methods

Data sets
Computerised files from the NDNS for adults aged 19 to 64 years were obtained from the UK Data Archive (www.data-archive.ac.uk). The NDNS surveyed a nationally representative sample of adults living in private households in Great Britain, selected using a multistage random probability design with postal sectors as first-stage units. Fieldwork covered a 12-month period in 2000/2001 to cover any seasonality in eating behaviour and in the nutrient content of foods. Overall, 61 % of the eligible sample (n 3704) completed the dietary interview (responding sample, n 2251) and 77 % of those who completed the dietary interview completed a full 7 d weighed dietary record (diary sample, n 1724, representing .12 000 person-days of data) (21) . Following the diary period, anthropometric and blood pressure measurements were taken from consenting respondents and a 24 h urine sample collected (n 1379).
Data analysis
The NDNS contains data on more than 7000 foods, aggregated into 115 food groups, which for the present study were further aggregated into thirty-four larger food groups. Foods that made a minor contribution to Na intake (e.g. fruits) or those that had similar Na content (e.g. breads) were combined to avoid large numbers of spurious comparisons. At the same time, separate categories for types of meat and meat products (sausages, burgers, pies) and other items such as baked beans, pasta, pizza and rice were retained. The NDNS data files include information on the Na content of each food item consumed, calculated from the nutrient databank linked to the survey. Quantities of the thirty-four food groups consumed and their contribution to Na intake were calculated on an absolute basis (g or mg per day) and also on an energy-adjusted basis (g or mg per MJ of total diet).
Statistical methods
All analyses were performed using the PASW Statistics 18 statistical software package (SPSS Inc., Chicago, IL, USA). Differences in food and nutrient intakes according to level of Na intake were assessed using the Kruskal-Wallis test (non-parametric ANOVA) and the pairwise comparison test with Bonferroni correction (shown in tables in the form 1 , 2 , 3 denoting low , medium , high).
PCA uses the degree to which foods are correlated with each other to derive a new set of variables which are composites. These can be thought of as discrete patterns, as they are uncorrelated with each other. Individuals then have a score on each dietary pattern corresponding to the extent to which their unique food selection deviates from it. Food amounts are standardised so that those with larger variance do not have undue influence. PCA produces as many components as there are food variables but the first few explain proportionally more of the variance in the data. The convention is to choose those with eigenvalues above 1 and/or use a scree plot and/or assess the interpretability of different solutions (22) . Prior to conducting PCA, Barlett's test of sphericity and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (KMO 5 0?67) was used to confirm that there were relationships between the food variables and that the analysis should yield distinct and reliable patterns (23) .
Using the intake data on all thirty-four food groups (g/d) we first extracted all components with an eigenvalue .1 and then used the scree plot to select the number to retain. Since there were no clear grounds for preferring six, eight or twelve components, we explored all three solutions, using varimax rotation to maximise separation. The eight-component solution was chosen as offering the best compromise between parsimony and ability to explain a sufficient proportion of the variance (40 %). Components were then interpreted on the basis of their correlations with food groups (loadings). Foods with loadings .0?30 were considered as contributing significantly to a pattern. The robustness of the analysis was also checked by examining PCA conducted first for men and women separately and second on a random 50 % sample.
Individuals' scores on each factor were calculated by the Anderson-Rubin method, which produces scores that are uncorrelated and standardised (mean of zero and standard deviation of 1). Pearson's correlation coefficients were calculated between adults' factor scores and nutrient intakes to identify patterns associated with Na intake and dietary Na density. Age and sociodemographic profile of patterns were assessed by comparing mean factor scores across categories of age, social class, region, smoking habit and discretionary salt use, with adjustment for multiple comparisons (Bonferroni correction). All tests were considered significant at P , 0?05.
Results
The majority of low salt consumers (,6 g/d) were women (81 %) and the majority of high salt consumers ($8 g/d) were men (79 %); this reflects the nature of the salt recommendations which are absolute, rather than proportional, to total food or energy intake. There was no significant difference in mean age or age distribution between low, medium and high salt consumers. A high proportion of each age group reported adding salt in cooking (62-72 %), but more low salt consumers reported never adding salt at the table (31 % v. 22 % high of consumers).
High salt consumers tended to eat more food overall, including low-salt foods such as milk and vegetables. Mean and median consumption of bread, spreads and bacon/ham were two to three times higher in those consuming $8 g salt/d than among low consumers (,6 g salt/d; Appendix 1).
On an energy-adjusted basis (g food/MJ diet), high salt consumers of both sexes ate proportionately more bread, biscuits and cakes, fats, bacon/ham and baked beans, while men who were high consumers also ate relatively more cheese, sausages, sauces and savoury snacks. Conversely, low salt consumers consumed more beverages and vegetables relative to their energy intake (Appendix 2).
Bread was the largest single contributor to total Na intake, providing about 22 % of Na for men and 21 % for women (Appendix 3). Other major sources were bacon and ham (9 % and 7 % for men and women, respectively) and other meat products such as sausages and pies, while chicken and turkey dishes also contributed more than 5 %. Sauces (gravy, ketchup, mayonnaise, etc.) contributed approximately 5 % of all Na, as did breakfast cereals, although this group includes porridge with salt. Excluding porridge, the contribution from other ready-toeat breakfast cereals in 2000/2001 was 4?2 %.
Increased consumption of salt was associated with increased dietary energy density and Na density. High salt consumers ($8 g/d) had diets with a higher percentage of energy from fat and SFA (Table 1) . Conversely low salt consumers (,6 g/d) tended to have diets higher in nonmilk extrinsic sugars (NMES; P , 0?05 among men only). Low salt consumers had recorded Na intakes that averaged only 61-67 % of Na excretion, compared with 86-91 % among high salt consumers. Salt intake Salt intake 
Principal component analysis of food patterns
In the total sample, eight patterns (components) accounted for 40 % of the total variance in food intakes. They were interpreted as follows, based on the foods with which they were most highly correlated:
1. 'health-conscious' (high in vegetables, fruit, water and fish); 2. 'chips, meat products and eggs' (including sausages, meat pies and baked beans); 3. 'bread, fat spread and cheese'; 4. 'coffee/tea and cakes' (hot beverages, sugar, confectionery, biscuits and cakes); 5. 'soft drinks and snacks' (soft drinks, pizza, pasta and savoury snacks); 6. 'breakfast cereal and milk'; 7. 'red meat and alcohol' (including sauces); 8. 'chicken and rice'. Table 2 gives the correlation coefficients (factor loadings) for the top eight patterns with the individual foods, where coefficients are greater than 0?30. Table 3 shows their correlations with energy and nutrient intakes, Na density and excretion, blood pressure, anthropometric measurements and reported use of salt at the table. All correlations were adjusted for age.
In line with the hypothesis, PC1 (health-conscious) was inversely correlated with the Na:K ratio of the diet. Conversely, PC2 (chips, meat products and eggs), PC7 (red meat and alcohol) and especially PC3 (bread, fat spread and cheese) were associated with high salt intake, while PC3 was also associated with higher Na density (mg/MJ diet) and Na:K ratio. Correlations with fat were highest for PC2 (positive) and PC6 (breakfast cereal and milk; negative). PC4 (coffee/tea and cakes) was most highly correlated with SFA and NMES, but inversely correlated with dietary Na density. PC5 (soft drinks and snacks) was associated with high NMES but not fat or SFA. There were weak trends with discretionary salt use; positive for PC2 and negative for PC1. Finally the three patterns associated with high Na intake (PC2, PC3, PC7) were weakly correlated with urinary Na, while PC7 was also correlated with waist circumference and (weakly) with blood pressure.
Figures 1 and 2 display the correlations with Na intake and dietary Na density for each of the dietary patterns (data from Table 3 ).
Additional PCA were run for men and women separately, using the same extraction criterion (eight factors). Similar but not identical patterns, including a 'healthconscious' pattern, a 'bread and spread' pattern, a 'hot drinks and sweets' pattern and a 'soft drinks and savoury snacks' pattern were observed in both (Tables 4 and 5 ). Among both men and women, the bread and spread pattern was most highly correlated with Na intake, Na density and Na:K ratio and also with SFA. The healthconscious pattern (and to a lesser extent the 'cereals and milk, chicken' pattern among men) was inversely correlated with fat, SFA, NMES and Na:K ratio. The pattern characterised by hot beverages, milk and sugar or cakes tended to be high in SFA and NMES but of low Na density.
Some individual food groups clustered differently. For example, breakfast cereals were associated with the healthconscious pattern among women, but were in a separate pattern among men. Similarly, bacon/ham, sausages, eggs and chips were clustered together for men, but this pattern was less apparent for women (bacon/ham being associated with bread). The groups featuring breakfast cereals tended to conform to dietary guidelines while those with meat products tended to be high in Na, fat and SFA. Tables 6 and 7 show the correlations of the sex-specific dietary patterns with energy and nutrient intakes, Na density and excretion, blood pressure and anthropometric measurements (all correlations were adjusted for age).
Results on the random 50 % sample with a sixcomponent solution (data not shown) also yielded patterns that could be interpreted as 'health-conscious', 'bread/ spread/bacon/ham', 'hot beverages, milk and sugar',' soft drinks/savoury snacks/pizza', 'meat pies, sausages, eggs and chips' and 'chicken and rice'.
Discussion
Analysis of dietary patterns takes account of the multidimensional nature of food habits as practised in the population. It therefore has the potential to provide a more realistic basis for dietary advice, complementing approaches based on the contribution of foods to the average diet. It may also highlight the compatibility or otherwise of multiple dietary guidelines. An increasing number of epidemiological studies are favouring PCA or factor analysis to explore patterns within the data set and relate these to other variables. Many find a 'healthy' or 'prudent' pattern contrasted with a 'traditional' or 'Western' pattern (22, (24) (25) (26) (27) . Studies in adolescents and children tend to find fewer patterns explaining more of the variance, suggesting a more limited variety of intakes among this age group than is observed among adults (26, 28) . The results of the present study compare well with the analysis of the German Potsdam cohort of the European Investigation into Cancer and Nutrition, in which seven patterns (factors) explained 31 % of the variance and a bread and sausage pattern was associated with high salt intake (29) . In a study of incident hypertension among women in the same cohort (30) , there was an (inverse) association with a 'DASH-type' (18) diet (Dietary Approaches to Stop Hypertension; fruit, vegetables and milk products) but no significant association with either the 'traditional cooking' pattern or the 'fruits and vegetables' pattern after adjustment for potential confounders. Several studies investigating dietary patterns in both sexes have found slight differences between men and women but major patterns that were common to both (29) (30) (31) (32) . The results of the present study should be generalisable to the British adult free-living population. The NDNS sampling frame was designed to be nationally representative of adults in private households and those who completed the dietary record had a similar demographic profile by sex, age and social class to those interviewed. Furthermore, a separate investigation concluded that there was no serious evidence of non-response bias (21) . Inevitably, there are some limitations of the data and caveats are required. First, all estimates of total Na intake based on food records tend to underestimate true consumption because discretionary sources are not included and under-reporting of food intake is common. Comparison with urinary Na in the present study can only comprise partial validation because the single 24 h urine collection was made subsequent to the dietary records. However, other measurements of Na excretion indicate that underestimation in diet records is of the order of 25-30 % (17) . Therefore the present analysis overestimates the relative contribution of processed foods to Na intake in comparison to the discretionary sources. Second, estimates of the contribution from different food groups are limited by the inability to disaggregate composite dishes. For example, lasagne or shepherd's pie is classified as a meat dish, resulting in some overestimation of the Na contribution from meat and underestimation of the contribution from the sauce, vegetables, etc. Third, with regard to the dietary pattern analysis it is inevitable that use of different food groupings, extraction criteria and rotations can all influence results and that interpretation or naming of the components involves an element of subjectivity. Our separate analysis of men and women confirms other work suggesting that dietary patterns may be common to both but there are also subtle differences, which may deserve further study.
Significant reductions in Na content of foods have been achieved in manufactured foods since these data were collected in 2000 and this needs to be taken into account in interpreting the results in the current context. In particular, the Na content of branded breakfast cereals has declined by approximately 44 % since 2000 and reductions have also been made by industry for sliced bread ( , 30 %), cakes and biscuits (15-50 %), savoury snacks (up to 50 %), sauces and soups (25-30 %) and some processed cheeses (16) . In terms of the dietary patterns identified in the present study, this implies that the breakfast cereal and milk pattern would today be more strongly associated with lower Na intake, Na density and Na:K ratio, while the positive association of the bread, fat spread and cheese pattern might be slightly attenuated. Clearly, it would be desirable to conduct similar dietary pattern analyses on new data from the rolling NDNS programme once the sample size is sufficient.
Since dietary survey data do not capture all sources of Na, progress towards achievement of salt guidelines is best assessed from measures of urinary Na excretion. These confirm that mean salt intake among adults has declined 
. Clearly there is some way to go to achieve 6 g/d (or less) as a population mean, while ambitions to apply this goal to individuals or to reduce it still further look unlikely to be achieved in the short term. However, if the reformulation successes of many cereal products and savoury snacks were replicated across the spectrum of processed foods, the 6 g/d goal could be achieved providing that consumers do not compensate by increasing their use of salt in cooking or at the table. Reductions in salt content of processed foods to date would seem to predict a steeper fall in Na excretion than has been observed in practice (10 %) and the reasons for this discrepancy are not entirely clear. There is to our knowledge no reliable data on discretionary salt consumption and there may be a need to better understand the impact of influences, such as celebrity chefs, meals out, home cooking v. ready meals and the popularity of spices and condiments, on this aspect of salt intake. NMES, non-milk extrinsic sugars. Coefficients (r) .0?10 were significant at P , 0?01 and those .0?20 were significant at P , 0?0001.
In the context of dietary guidelines for fat SFA and NMES, PC2 (chips, meat products and eggs) was correlated with high fat and high energy density, while a hot drinks/ confectionery/cakes pattern (PC4 in combined analysis) was correlated with a diet high in SFA and NMES. Of the patterns correlated with high Na intake, only PC3 (bread, fat spread and cheese) was also correlated with high Na density and high Na:K ratio. By contrast three other patterns (health-conscious, breakfast cereals and milk, and chicken and rice) had other features, apart from low salt concentration, that are conducive to better health. PC1 is similar to the DASH diet (18) and consistent with dietary guidelines for SFA and NMES. It may also have an impact on energy density that could be beneficial in terms of obesity prevention. In the same way, the breakfast cereals and milk pattern was correlated with low Na:K ratio and relatively low Na density and NMES, while breakfast cereals also make important contributions to intakes of carbohydrate, NSP and micronutrients.
The SACN guidelines on salt continue to present a challenge given the current composition of the British diet, while the achievability of multiple guidelines is even more problematic. The present analysis would suggest that there may be more compatibility between salt, fat and SFA, than between salt and NMES. The dietary reference values for fat, SFA, NMES and salt were originally conceived as population targets rather than maxima for individuals and it may be unrealistic to expect individuals to attain them. The 10 % reduction in Na intakes since this NDNS was conducted in 2000/2001 is encouraging, but it is unclear to what extent this is inequitably distributed between health-conscious individuals and others, and how the balance in consumption between salt in processed foods and salt added in cooking or at the table may have shifted. Further research is required to examine how changes in food composition and choice have impacted nutrient intakes (including micronutrient intakes) for consumers with different food habits and lifestyles. 
